In this paper, we compare the empirical properties of closed and open economy DSGE models estimated on Euro area data. The comparison is made along several dimensions; we examine the models in terms of their marginal likelihoods, forecasting performance, variance decompositions, and their transmission mechanisms of monetary policy.
Introduction
Since the pioneering work of Smets and Wouters (2003) , the interest in academia and central banks for developing and estimating dynamic stochastic general equilibrium (DSGE) models of the macroeconomy have grown considerably. In more recent work, Smets and Wouters (2004) have shown that closed economy dynamic general equilibrium models augmented with nominal and real frictions have forecasting properties in line with best practice time series models (i.e., Bayesian VARs).
In this paper, we contrast a closed economy DSGE model with a model that accounts for open economy aspects. Our DSGE model extends the closed economy model of Christiano, Eichenbaum and Evans (2005) by incorporating open economy elements such as incomplete exchange rate pass-through and imperfect international financial integration. The closed economy version of the model differ slightly from Smets and Wouters' (2003) model in that it includes the working capital channel (i.e., firms borrow money from a financial intermediary to finance their wage bill), and a stochastic unit root technology shock as in Altig et al. (2003) , which enables us to work with trending data.
We estimate open and closed economy versions of this model on data for the Euro area during the period 1980Q1 − 2002Q4. Our interest in modeling the Euro area as an open economy stem partly from the work of Lindé (2003) , who shows that changes in net exports account for a substantial fraction of the variation in output after a monetary policy shock in a 10-variable vector autoregressive (VAR) model estimated on Euro area data. In contrast, Lindé finds that U.S. data imply that consumption and investment responses explain most of the fluctuation in output after a policy shock, while net exports only account for a small part. Consequently, it seems appropriate to model the U.S. as a closed economy but worth considering open economy aspects when estimating a model on Euro area data.
In the paper we adopt the assumption that foreign inflation, output and interest rate are exogenously given. This approximation is perhaps more suitable for a small open economy, but given the results by Lindé (2003) it is probably a less rudimentary statement than modeling the Euro area as a closed economy. In addition, there is some empirical support for this approximation. By estimating a VAR model with ten Euro area variables and three foreign variables ("rest of the world" inflation, output and interest rate), we find that the Euro area variables account for a small fraction of the variation in the foreign variables, around 10(20) percent at the one(five) year horizon. 1 We compare the estimated open and closed economy models in terms of their marginal likelihoods, their forecasting performance, the underlying sources of fluctuations in each model (variance decompositions), and the implications for the monetary transmission channel (impulse responses).
The results show that there are no fundamental differences between the estimated parameters in the closed and open economy versions of the model. At a general level, the existence of nominal and real frictions is crucial for both models' ability to fit the data. However, there are some differences in the estimated degree of the nominal and real frictions, which have effects on the dynamics of the two models. Impulse response analysis to an unexpected increase in the interest rate (i.e. a positive monetary policy shock) reveal differences in the transmission mechanism of monetary policy in the open and closed economy settings. The exchange rate channel implies that inflation drops more heavily in the open economy model than in the closed economy version. For output, we find that the exchange rate channel is relatively unimportant, but there is nevertheless a substantial difference in the impulse responses, which is due to the differences in nominal and real rigidities in the two models.
The comparison of marginal likelihoods suggest that a closed economy version of the model gives a better description of the domestic macroeconomic development than the open economy model estimated on the same set of variables. Note though that a comparison cannot be made against the complete open economy model since this is estimated on a different and richer set of variables, also including, for example, the exchange rate, exports and imports.
Since we cannot compare the marginal likelihoods of the closed economy model and the open economy model estimated on the full set of variables, we evaluate the forecasting performance of the open and closed DSGE models using traditional univariate and multivariate out-of-sample measures of the forecast accuracy. It is not clear what can be expected from this comparison a priori. The larger open economy version of the model naturally has the potential of providing a more detailed description of the economy, but this may also be a drawback if some aspect of the open economy is poorly modelled. It is probably fair to say that the collective experience from macroeconomic forecasting is that smaller models tend to out-perform larger ones. The general finding in this paper is that adding open economy features to the model improves the predictions on some of the variables, e.g. output and employment, whereas for other variables, such as inflation and investment, the closed economy model gives more accurate forecasts. However, the multivariate accuracy measures, which takes the joint forecasting performance of all seven domestic variables into account, seems to propose the open economy model as the best forecasting tool for all horizons that we consider (1 to 16 quarters ahead).
We also find that the macroeconomic development is driven by very different disturbances in the two models. The variance decompositions show that in the open economy model, "open economy shocks" are of high relevance for explaining the fluctuations in output and inflation in the short-to medium term horizon. In the closed economy model, most of the variation is instead attributed to the two technology shocks (stationary and unit root) at the same horizons.
The remainder of the paper is organized as follows. In Section 2, we describe the open economy DSGE model and how to reduce it to obtain a closed economy setting. We discuss the theoretical components of the model as well as the estimation outcomes in the open and closed economy frameworks. Section 3 contains the results from the comparison of the two models. Section 4 provides some concluding remarks.
The estimated DSGE model
This section gives an overview of the model economy, and presents the key equations in the theoretical model. We will here discuss the model in its open economy form, but we explain in Section 2.2 how we parameterize it to obtain a closed economy specification.
The model is an open economy version of the DSGE model in Christiano et al. (2005) and Altig et al. (2003) , developed in Adolfson, Laséen, Lindé and Villani (2005) . As in the closed economy setup, households maximize a utility function consisting of consumption, leisure and cash balances. However, in our open economy model the households consume a basket consisting of domestically produced goods and imported goods. These products are supplied by domestic and importing firms, respectively. We allow the imported goods to enter both aggregate consumption as well as aggregate investment. This is needed when matching the joint empirical fluctuations in both imports and consumption since imports (and investment) are a lot more volatile than consumption.
Households can save in domestic bonds and/or foreign bonds and hold cash. This choice balances into an arbitrage condition pinning down expected exchange rate changes (i.e., an uncovered interest rate parity (UIP) condition). As in the closed economy model households rent capital to the domestic firms and decide how much to invest in the capital stock given capital adjustment costs. These are costs to adjusting the investment rate as well as costs of varying the utilization rate of the capital stock. Each household is a monopoly supplier of a differentiated labour service which implies that they can set their own wage. Wage stickiness is introduced through an indexation variant of the Calvo (1983) model. Domestic production follows a Cobb-Douglas function in capital and labour, and is exposed to stochastic technology growth as in Altig et al. (2003) . The firms (domestic, importing and exporting) all produce differentiated goods and set prices according to an indexation variant of the Calvo model. By including nominal rigidities in the importing and exporting sectors we allow for short-run incomplete exchange rate pass-through to both import and export prices. 2 In what follows we provide the optimization problems of the different firms and the households, and describe the behavior of the central bank.
Model
The model economy includes four different categories of operating firms. These are domestic goods firms, importing consumption, importing investment, and exporting firms, respectively. Within each category there is a continuum of firms that each produces a differentiated good. The domestic goods firms produce their goods out of capital and labour inputs, and sell them to a retailer which transforms the intermediate products into a homogenous final good that in turn is sold to the households. The final domestic good is a composite of a continuum of i differentiated goods, each supplied by a different firm, which follows the constant elasticity of substitution (CES) function
where λ d t is a stochastic process that determines the time-varying markup in the domestic goods market. The demand for firm i's differentiated product, Y i,t , follows
The domestic production is exposed to unit root technology growth as in Altig et al. (2003) . The production function for intermediate good i is given by
where z t is a unit-root technology shock, t is a covariance stationary technology shock, and H i,t denotes homogeneous labour hired by the i th firm. Notice that K i,t is not the physical capital stock, but rather the capital services stock, since we allow for variable capital utilization in the model. A fixed cost z t φ is included in the production function. We set this parameter so that profits are zero in steady state, following Christiano et al. (2005) . We allow for working capital by assuming that a fraction ν of the intermediate firms' wage bill has to be financed in advance. Cost minimization yields the following nominal marginal cost for intermediate firm i:
where R k t is the gross nominal rental rate per unit of capital services, R t−1 the gross nominal (economy wide) interest rate, and W t the nominal wage rate per unit of aggregate, homogeneous, labour H i,t .
Each of the domestic goods firms is subject to price stickiness through an indexation variant of the Calvo (1983) model. Since we have a time-varying inflation target in the model we allow for partial indexation to the current inflation target, but also to last period's inflation rate in order to allow for a lagged pricing term in the Phillips curve. Each intermediate firm faces in any period a probability (1 − ξ d ) that it can reoptimize its price. The reoptimized price is denoted P d,new t . 3 The different firms maximize profits taking into account that there might not 3 For the firms that are not allowed to reoptimize their price, we adopt the indexation scheme
be a chance to optimally change the price in the future. Firm i therefore faces the following optimization problem when setting its price
where the firm is using the stochastic discount factor (βξ d ) s υ t+s to make profits conditional upon utility. β is the discount factor, and υ t+s the marginal utility of the households' nominal income in period t + s, which is exogenous to the intermediate firms. π d t denotes inflation in the domestic sector,π c t a time-varying inflation target of the central bank and MC d i,t the nominal marginal cost.
The first order condition of the profit maximization problem in equation (5) yields the following log-linearized Phillips curve:
where 1 ≤ λ j t < ∞ for j = {mc, mi, x} is the time-varying markup in the import consumption (mc), import investment (mi) and export (x) sector. By assumption the continuum of consumption and investment importers invoice in the domestic currency and exporters in the foreign currency. In order to allow for short-run incomplete exchange rate pass-through to import as well as export prices we therefore introduce nominal rigidities in the local currency price. This is modeled through the same type of Calvo setup as above. The price setting problems of the importing and exporting firms are completely analogous to that of the domestic firms in equation (5), and the demand for the differentiated import and export goods follow similar expressions as to equation (2). In total there is thus four specific Phillips curve relations determining inflation in the domestic, import consumption, import investment and export sectors.
In the model economy there is also a continuum of households which attain utility from consumption, leisure and real cash balances. The preferences of household j are given by
where C j,t , h j,t and Q j,t /P d t denote the j th household's levels of aggregate consumption, labour supply and real cash holdings, respectively. Consumption is subject to habit formation through bC j,t−1 , such that the household's marginal utility of consumption is increasing in the quantity of goods consumed last period. ζ c t and ζ h t are AR(1) preference shocks to consumption and labour supply, respectively. To make cash balances in equation (8) stationary when the economy is growing they are scaled by the unit root technology shock z t . Households consume a basket of domestically produced goods and imported products which are supplied by the domestic and importing consumption firms, respectively. Aggregate consumption is assumed to be given by the following constant elasticity of substitution (CES) function:
where C d t and C m t are consumption of the domestic and imported good, respectively. ω c is the share of imports in consumption, and η c is the elasticity of substitution across consumption goods.
The households invest in a basket of domestically produced goods and imported investment goods to form the physical capital stock, and decide how much capital services to rent to the domestic firms, given capital adjustment costs. These are costs to adjusting the investment rate as well as costs of varying the utilization rate of the physical capital stock. The households can increase their capital stock by investing in additional physical capital (I t ), taking one period to come in action, or by directly increasing the utilization rate of the capital at hand (u t = K t /K t ). The capital accumulation equation for the physical capital stock (K t ) is given bȳ
whereS (I t /I t−1 ) determines the investment adjustment costs through the estimated parameter S 00 , and Υ t is a stationary investment-specific technology shock. Total investment is assumed to be given by a CES aggregate of domestically produced goods and imported investment goods (I d t and I m t , respectively) according to
where ω i is the share of imports in investment, and η i is the elasticity of substitution across investment goods. Further, along the lines of Erceg, Henderson and Levin (2000) , each household is a monopoly supplier of a differentiated labour service which implies that they can set their own wage. After having set their wage, households inelastically supply the firms' demand for labour at the going wage rate. Each household sells its labour to a firm which transforms household labour into a homogenous good that is demanded by each of the domestic goods producing firms. Wage stickiness is introduced through the Calvo (1983) setup, with partial indexation to last period's CPI inflation rate, the current inflation target and the technology growth. Household j reoptimizes its nominal wage rate W new j,t according to the following
where ξ w is the probability that a household is not allowed to reoptimize its wage, τ y t a labour income tax, τ w t a pay-roll tax (paid for simplicity by the households), and µ z,t = z t /z t−1 is the growth rate of the permanent technology level. 4 The households can save in domestic bonds and foreign bonds, and also hold cash. This choice balances into an arbitrage condition pinning down expected exchange rate changes (i.e., an uncovered interest rate parity condition). To ensure a well-defined steady-state in the model, we assume that there is a premium on the foreign bond holdings which depends on the aggregate net foreign asset position of the domestic households, following, e.g., Lundvik (1992) and Benigno (2001) :
where A t ≡ (S t B * t )/(P t z t ) is the net foreign asset position, andφ t is a shock to the risk premium. The budget constraint for the households is given by
where the right-hand side describes the resources at disposal. The households earn interest on the amount of nominal domestic assets that are not held as cash, M t − Q t . They can also save in foreign bonds B * t , which pay a risk-adjusted pre-tax gross interest rate of R * t−1 Φ(a t−1 , e φ t−1 ). S t is the nominal exchange rate (foreign currency per unit of domestic currency), R k t the gross nominal rental rate of capital, and W t the nominal wage rate. The households earn income from renting capital and labour services (K t and h t ) to the intermediate firms, where u t denotes the varying capital utilization rate andK t the physical capital stock. They pay taxes on consumption (τ c t ), capital income (τ k t ), labour income (τ y t ), and on the pay-roll (τ w t ). Π t denotes profits, T R t lumpsum transfers from the government, and D t the household's net cash income from participating in state contingent securities at time t. The right hand side describes how the households spend their resources on consumption and investment goods, priced at P c t and P i t respectively, on future bond holdings, and pay the cost of varying the capital utilization rate P t a(u t )K t , where a(u t ) is the utilization cost function.
Following Smets and Wouters (2003) , monetary policy is approximated with the following instrument rule (expressed in log-linearized terms)
where ε R,t is an uncorrelated monetary policy shock. Thus, the central bank is assumed to adjust the short term interest rate in response to deviations of CPI inflation from the timevarying inflation target ¡π c t − b π c t ¢ , the output gap (ŷ t , measured as actual minus trend output), the real exchange rate (x t ) and the interest rate set in the previous period. In addition, note that the nominal interest rate adjusts directly to the inflation target. The output target used by the central bank is here defined to be the trend level of output. An alternative specification is to define the output target in terms of the level output that would have prevailed in the absence of nominal rigidities. This model consistent output gap would to a larger extent probably come closer to optimal monetary policy (see Woodford, 2003 , for further discussion). However, Del Negro et al. (2004) show that a rule using the trend output gap is preferred over a rule with the model consistent output gap, when estimating a closed economy DSGE model on US data.
To clear the final goods market, the foreign bond market, and the loan market, the following three constraints must hold in equilibrium:
where C x t and I x t are the foreign demand for export goods, P * t the foreign price level, and µ t = M t+1 /M t is the monetary injection by the central bank. When defining the demand for export goods, we introduce a stationary asymmetric technology shockz * t = z * t /z t , where z * t is the permanent technology level abroad, to allow for different degrees of technological progress domestically and abroad.
The structural shock processes in the model is given in log-linearized form by the univariate representationx
t ,z * t } and j = {d, mc, mi, x} . Lastly, to simplify the analysis we adopt the assumption that the foreign prices, output (HP-detrended) and interest rate are exogenously given by an identified VAR(4) model. 5 The fiscal policy variables -taxes on capital income, labour income, consumption, and the pay-roll, together with (HP-detrended) government expenditures -are assumed to follow an identified VAR(2) model. 6 To compute the equilibrium decision rules, we proceed as follows. First, we stationarize all quantities determined in period t by scaling with the unit root technology shock z t . Then, we log-linearize the model around the constant steady state and calculate a numerical solution with the AIM algorithm developed by Anderson and Moore (1985) .
Estimation
To estimate the model we use quarterly Euro area data for the period 1970Q1-2002Q4. The data set employed here was first constructed by Fagan et al. (2001) . 7 In order to be able to identify the 51 parameters in the open economy model we use data on the following 15 variables in the estimation: the domestic inflation rate π t ; the growth rates in the real wage ∆w t (∆ denotes the first difference operator), consumption ∆c t , investment ∆i t , GDP ∆y t , exports ∆ e X t , imports ∆ f M t ; the short-run interest rate R t ; employment E t ; the growth rates in the consumption deflator π def,c t and the investment deflator π def,i t ; the real exchange rate x t ; foreign inflation π * t ;
the foreign interest rate R * t ; and the growth rate in foreign output ∆y * t . 8 Including a large set of variables facilitates identification of the underlying structural parameters in the economy. For instance, inclusion of the consumption and investment deflators along with the domestic and foreign GDP deflators implies that we can extract information about the unobserved import markup shocks. Unfortunately, as we adopt the assumption that firms in the export sector set prices in foreign currency, we are not able obtain appropriate data for export prices. This implies that the export price markup shock series will be weakly identified compared to other parts of the model. The reason for modeling the real variables in growth rates is that the unit root technology shock induces a common stochastic trend in the levels of these variables. Although the parameters in the exogenous foreign VAR are pre-estimated, we still include the foreign variables as observables in the estimation for two reasons. First, they enable identification of the asymmetric technology shock, as the foreign VAR is estimated using HP-detrended foreign output and we include actual foreign output growth as observable in the estimation. 9 Second, they are informative about the parameters governing the propagation of foreign impulses to the domestic economy. 13 structural shocks are estimated, out of which 11 follow AR(1) processes and two are white noise processes. Although we match 15 variables, this procedure does not involve singularity problems since 8 shocks are included as pre-estimated in the model (5 fiscal and 3 foreign). To calculate the likelihood function of the observed variables we apply the Kalman filter where we use the period 1970Q1-1979Q4 to form a prior on the unobserved state variables in 1979Q4, and then use the period 1980Q1-2002Q4 for inference.
To get a closed economy version of the model we must establish that the consumption and investment baskets only consist of domestically produced goods. That is, we set ω c = ω i = 0 and η c = η i = ∞. 10 The 29 parameters pertaining to the domestic economy are then estimated by matching the 'domestic' variables (π t , ∆c t , ∆i t , ∆y t , ∆w t , R t , E t ).
A number of parameters are kept fixed throughout the estimation procedure of both the closed and open economy versions of the model. Most of these parameters can be related to the steady-state values of the observed variables in the model, and are therefore calibrated to match the sample mean of these. 11 Table 1 shows the assumptions for the prior distribution of the estimated parameters. The location of the prior distribution corresponds to a large extent to those in Smets and Wouters (2003) and the findings in Altig et al. (2003) on U.S. data. For more details about our choice 8 There is no (official) data on aggregate hours worked,Ĥ t , available for the euro area. Therefore, we use employmentÊ t in our estimations. Since employment is likely to respond more slowly to shocks than hours worked, we model employment using Calvo-rigidity (following Smets and Wouters, 2003) : ∆Êt = βEt∆Êt+1 + (1−ξ e )(1−βξ e ) ξ e Ĥ t −Ê t . For reasons discussed in greater detail in Adolfson et al. (2005) , we also take out a linear trend in employment and the excess trend in imports and exports relative to the trend in GDP prior to estimation. 9 We measure actual foreign output in the state-space representation as the sum of detrended foreign output, domestic productivity and the asymmetric technology shock. This enables us to identify the asymmetric technology shock since the process for detrended foreign output is identified from the VAR and the process for domestic productivity from domestic quantities. 10 In addition, we set λ mc = λ mi = 1, ξ mc = ξ mi = ξ x = 0, φ = 0, and r x = 0 to ensure that all relative prices are unity and that the effects of the three foreign VAR shocks, the asymmetric technology shock and the three import and export markup shocks are zero.
11 The calibrated parameters are set to the following: the money growth µ = 1.01; the discount factor β = 0.999; the depreciation rate δ = 0.013; the capital share in production α = 0.29; the share of imports in consumption and investment ωc = 0.31 and ωi = 0.55, respectively; the steady-state tax rates on labour income and consumption τ y = 0.177 and τ c = 0.125, respectively; government expenditures-output ratio 0.20. For reasons discussed in greater detail in Adolfson et al. (2005) , we also set the substitution elasticity between domestic and imported goods η c = 5 and the capital utilization parameter σ a = 10 6 .
of prior distributions, see Adolfson et al. (2005) . Note that we use the same prior distribution for the 29 domestic parameters in both the open and closed economy settings. The joint posterior distribution of all estimated parameters is obtained in two steps. First, the posterior mode and Hessian matrix evaluated at the mode is computed by standard numerical optimization routines. Second, the Hessian matrix is used in the Metropolis-Hastings algorithm to generate a sample from the posterior distribution (see Smets and Wouters (2003) , and the references therein, for details).
Comparing the models
In Table 1 we report the posterior mode and marginal likelihoods for the closed and open economy versions of the model. There are no fundamental differences between the estimated parameters in the two models; in both the closed and open economy specifications nominal and real frictions are found to be of critical importance for the models' adaptability to the data. There are, however, some differences that have effects on the dynamics of the two models. The nominal frictions in terms of the price and wage stickinesses are somewhat smaller in the open economy model. As an example, the domestic price stickiness is 0.88 in the open economy setting compared to 0.90 in the closed economy model. This implies an average duration of domestic price contracts of 8 and 10 quarters, respectively, under the traditional assumption that the households own the capital stock. If we instead assume that capital is specific to each firm, we can reinterpret our estimates of the price stickiness parameter to imply an average duration of about 4.5 quarters (see Altig et al., 2004) in the open economy model.
In contrast, the real frictions, in terms of habit formation and investment adjustment costs, are larger in the open economy setting than in the closed economy model. In the open economy model the habit formation parameter b is estimated to be 0.69 compared to 0.63 in the closed economy version. Naturally, this implies that the real variables respond less to disturbances in the open economy model compared to the closed economy model, while nominal variables react more heavily in the former. Compared to Christiano et al. (2005) who estimate their model by matching the impulse response functions to a monetary policy shock, DSGE models that are estimated to match all the variability in the data typically imply a somewhat higher degree of nominal and real frictions. This is case here as well as in Smets and Wouters (2003) . Figure 1 displays the impulse responses to a monetary policy shock in the open and closed economy models. In general, the impulse response functions show a hump-shaped pattern with the maximum impact of a policy shock occurring after about one year in both the closed and open economy models. However, the magnitude of the responses differ considerably. For instance, domestic inflation reacts more to a monetary policy shock in the open economy setting (solid) than in the closed economy model, whereas the response of output is stronger in the closed economy model (dashed). To examine if these differences are due to the exchange rate channel in the transmission mechanism of monetary policy or discrepancies in the dynamics of the two models (i.e., the parameter differences discussed above), we also display the responses from a closed economy version with parameters taken from the estimated full open economy model. The difference between the open economy and closed economy models with the same domestic parameters (solid and dotted lines, respectively) can thus be attributed to the exchange rate channel. However, we see from Figure 1 that most of the difference between the closed and open economy models for output cannot be ascribed to the exchange rate channel, instead it is mostly due to the different parameter estimates in the two models. For inflation, the exchange rate channel is most important around the peak, and less relevant at longer horizons. It should also be noted that net exports fall considerably after the appreciation of the real exchange rate. Table 1 ).
The marginal likelihood seems to speak in favour of the closed economy model. The Bayes factor on the open economy model estimated on seven variables is about 0.002, which indicates that the closed economy model provides a better description of the seven domestic variables during 1980Q1 − 2002Q4. In the light of the well known sensitivity of the marginal likelihood in non-linear models to the choice of prior distribution, the difference in marginal likelihoods of the two seven-variable models in Table 1 should not be over-emphasized. This is especially relevant here since the two compared models differ by as much as 22 parameters. Considering also the fact that we are unable to compare the closed economy version of the model with the full open economy model estimated on all 15 variables, leads us to examine the robustness of these results using other modes of model evaluation, such as out-of-sample forecasting precision.
The left panel in Table 2 shows the forecasting performance of the open and closed economy models in terms of root mean squared errors of the seven domestic variables on various horizons over the time period 1994Q1 − 2002Q4. 13 The open economy model does slightly worse in terms of the (domestic) inflation forecasts in the medium to long-term horizons, but surpasses the longterm closed economy forecasts on output. The multivariate statistics (i.e., the log determinant of the mean square forecast error matrix of the domestic variables and the log predictive score (LPDS)) reported in the right panel in Table 2 , however, indicate that the open economy model performs better on all horizons when the projections of all seven variables are jointly taken into account. The log determinant statistic measures the multivariate point forecast accuracy while the LPDS measures the plausibility of the observed outcomes with respect to the predictive distribution as a whole.
Finally, Table 3 summarizes the results from the variance decomposition of the seven domestic variables at four and 20 quarters horizon using the posterior mode estimates of the parameters. 14 As could be expected from the parameter estimates in Table 1 , we see that the role of various shocks for explaining the macroeconomic fluctuations differ between the two models. In the closed economy model, the two "traditional" technology shocks, i.e., the unit root and stationary technology shocks, are much more important. At the one year horizon they account for 55 and 35 percent of the fluctuations in inflation and output, respectively. After five years they account for about 70 percent of the fluctuations in output, which is line with the results in the early RBC literature, and somewhat higher than the corresponding number reported by Smets and Wouters (2003) . In contrast, in the open economy specification the effects of unit root technology shocks are in line with the VAR evidence in Altig et al. (2004) and Galí and Rabanal (2004) . The difference in the role of unit root technology shocks in the two specifications is that in the open economy version other shocks are assigned a more prominent role in order for the model to account for the joint behaviour of inflation, output, export, import and the real exchange rate. At the five year horizon, we notice that the importing markup shocks come out as an important source of the variation in output. In particular, the import investment markup shock turns up as very important. The reason for this is that the import investment markup shock has a very strong and persistent effect on the real exchange rate, which in turn influences output. Even if we conjectured in our discussion of Figure 1 that the exchange rate channel was not the main mechanism for understanding the transmission of monetary policy shocks, it is still sufficiently important for generating substantial output effects after a markup shock to import investment goods.
Concluding remarks
In the very last years, the monetary policy literature have witnessed a revival in estimation and implementation of DSGE models in monetary policy analysis. In this paper, we compared the empirical properties of the closed economy benchmark DSGE model with an open economy version developed by Adolfson et al. (2005) . By and large, the estimation results display many similarities. That is, nominal and real frictions are of crucial importance for the empirical adaptability of both models. Despite the general similarity, the specific details of the estimation results suggest some differences in the monetary transmission channel. Equally important, we find that the sources of macroeconomic fluctuations in the two versions of the model differ considerably. In the open economy version of the model we find a larger role for "open-economy" shocks in order to account for the joint fluctuations in "domestic" and "open economy" variables (e.g., output and the real exchange rate, respectively). In terms of the models' forecasting performance of the development of the seven key macrovariables; inflation, the real wage, employment, nominal interest rate, consumption, investment and output, we find the two models to perform about equally well, with a slight edge for the open economy model.
Throughout the analysis, we maintain the assumption that the spillover effects from the Euro area shocks to the foreign economy are zero. This assumption is defended on the basis of a simple VAR analysis, which suggests that the spillover effects are small in the short-to medium run. However, it would be of interest to extend the analysis in this paper to multi-country models allowing for such effects. Very recent and preliminary contributions of Adjémain et al. (2004) and Walque and Wouters (2004) estimate multi-country models of the Euro area and the U.S.. These papers, however, maintain the implicit assumption that no countries outside these two currency areas influence or are affected by fluctuations in the U.S. and the Euro area. This assumption is a short-cut as is the case with our zero-spillover assumption.
Finally, the different sources behind aggregate fluctuations in the two models can be expected to have effects on the conduct of monetary policy in the open and closed economy settings, respectively. We leave for future work to analyze the implications for optimal monetary policy. , and z µ the prior distributions are truncated at 1. The posterior samples of 550,000 draws were generated from the posterior of which the first 50,000 draws were discarded as burn-in. Note: The results are based on rolling forecasts from 1994Q1-2002Q3. Forecast distributions are generated from sub-sampling 500 draws from the full posterior distribution of the estimated parameters (re-estimated every year) using 100 shock sequences for each draw. The log determinant statistic is the logarithm of the determinant of the mean squared forecast error (MSFE) matrix. The log predictive density score (LPDS) equals the average of (-2 times) the logarithm of the predictive density ) ( h t t x p + over the evaluation period. Bold numbers indicate the best forecasting model for each measure. 
